ABSTRACT. Group A consisted of chickens infected with a single dose of Ascaris suum and group B of chickens infected with two successive doses. At days 1, 3, 7, 14 and 21 after the first or second infection dose, six chickens from each group were sacrificed. In both groups, larvae were recovered from the livers on days 1, 3, and 7 and lungs on days 3 and 7. No larvae were detected in chickens on day 14. Clear white lesions were noticed only on the livers from chickens of group B at day 7 but had disappeared at day 14. A comparison with group B showed mild histological changes that developed relative to the livers from group A. KEY WORDS: Ascaris suum, chickens, visceral larval migrans.
Similar to the visceral larval migrans (VLM) of Toxocara canis (T. canis) infection
, Ascaris suum (A. suum) infection in humans has been reported in Japan [2, 8, 10, 11, 15] . It was considered that at least three human cases were caused by eating fresh raw meat and liver from cattle or chickens [2, 8, 10] . These reports suggest that chickens may play an important role in the zoonotic transmission of A. suum. To clarify the VLM of A. suum larvae in infected chickens, an investigation was carried out on the distribution of larvae and the pathological changes in the livers.
Fresh A. suum eggs were obtained from female worms at a local abattoir. Embryonation of the eggs was performed as described by Tsuji et al. [16] . A total number of 65 male broiler chickens aged about 20-days old were used. Initially, groups A (chickens infected with a single dose of A. suum) and B (chicken infected two successive dose) of 30 chickens each received 10,000 eggs and were kept in cages. The same number of eggs were given again to chickens of group B 17 days after the first dose. On days 1, 3, 7, 14, and 21 after the first or second infection, six chickens from each group were sacrificed by cervical dislocation. Larvae were collected from the liver (lobus dexter), lung, pectoral muscle (musculus pectoralis profurdus; about 30 g), and the duodenum (without contents and mucus) using the Baerman method. The contents and mucus of the duodenum were fixed separately in 5% formalin solution and examined microscopically. A video micrometer was used for the measurement of the length of larvae. Statisitical analysis of differences in larval counts between both groups on the same day after first or second infection was done using Statisitica (Stat Soft, Tulsa, OK, U.S.A., P<0.05). The liver (lobus sinister) was investigated macroscopically and fixed in 10% buffered formalin solution. Paraffin sections were stained with hematoxylin and eosin (HE) or with Azan. To examine the lesion in repeatedly infected animals, remaining 5 chickens (group C) were infected with 10,000 eggs twice weekly for five weeks and sacrificed 7 days after the final infection.
No clinical signs were observed in any of the infected chickens during the study period. Table 1 shows the distribution of A. suum larvae in chickens of groups A and B. Larvae were recovered from the livers on days 1, 3, and 7 and from the lungs on days 3 and 7 after the first and second infections. We identified morphorogically the larvae with A. suum. About half of the larvae (1-day old larvae) that were collected on day 1 ( Fig. 1 , A) moved extremely vigorously and ranged from 234 µm to 396 µm in length. No larvae were detected in chickens on day 14. The pattern of larval distribution recovered from the livers and lungs of group B was similar to that for group A. There was no significant difference in the number of larvae detected in the livers and lungs between both groups on the same day after the first or second infection for groups A and B. A large larva was noticed in each three samples of the liver containing small numbers of the worms on day 3 and 7 and the most developed nematode reached 1,385 µm in length. No larvae were collected from the duodenum or pectoral muscle.
Macroscopically, the livers were normal in color, and several clear white lesions ranging from 0.5 mm to 1.0 mm in diameter were recognized only on the liver surface from chickens of group B on day 7 (Fig. 1, B) but not on 14 after secondary infection. The lesions were nodular but not accompanied with fibrous changes. A few white lesions ranging from 2.0 mm to 2.5 mm in diameter were seen distinctly on the livers from chickens of group C. No the changes were observed distinctly in the livers of the animals from group A. Microscopically, larvae surrounded by eosinophilic substances were found occasionally in the lesions with granulocytes, fibroblasts, and machrophages in the livers from group B on day 3 after secondary infection (Fig. 1,  C) . Sometimes, boring focus, granuloma, infiltration of eosinophils and lymphocytes, and lymphofollicular hyper-plasia were seen on 3 and 7 days in this group. These histological changes without lymphofollicular hyperplasia were also found in the livers from group A. The changes in the livers from group A was less marked than those from group B. No distinct hyperplasia of interlobular connective tissue was recognized by Azan staining in groups A, B or C.
The VLM with A. suum was clarified pathologically as well as parasitologically in this investigation. The findings on the distribution of larvae suggest that the larvae may be eliminated from chickens within 14 days after infection. It is of interest to note that few large larvae of 1,000 µm or longer were recovered on day 3 and 7 from the livers of chickens. The length of larvae on day 4 in the livers of experimentally infected pigs was 533 µm to 619 µm [6] and on day 3 in mice was 386.7 ± 121.1 µm [7] . Permin et al. [13] investigated the VLM in chickens infected with A. suum and reported that no liver lesions were found macroscopically on the organs on day 7 after first infection. As no the lesions were observed on the liver from chickens of group A in this study, our results may agreed with their finding. Based on the findings in chickens of groups B and C, it seems likely that multiple infections with A. suum might be involved in the appearance or enhancement of liver lesions similar to the findings in pigs experimentally infected with A. suum [5, 17] . No typical 'milk spot' lesions with fibrous changes [5] as observed in the livers of Ascaris infected pigs, were found macroscopically in the present study. The typical lesions did not also develop in experimentally infected lambs [4] . Histopathologically, this change is a focal increase in the width of the interlobular connective tissue [12] . An inflammatory response with infiltration of lymphocytes and eosinophils occurred in the liver of the lambs infected with A. suum eggs, but because of the absence of the interlobular connective tissue, the reaction was mild and confined to areas of larval migration in the adjacent portal triads [4, 5] . The difference in the intensity of the lesions was probably due to anatomical differences of the interlobular connective tissue in the livers between lambs and pigs [4] . The tissue in the liver of chicken is also indistinct [9] .
The raw pectoral muscle of the chickens is traditionally eaten as white meat in some areas of Japan, and the raw liver of local chickens features the menus of Japanese-style grill restaurants. In the case of T. canis, it is estimated that the larvae can migrate by a hepatopulmonary route in chickens, which reinforces the possibility that chickens harboring migrating T. canis larvae may pose a zoonotic risk, especially if the liver is consumed [14] . Permin et al. [13] also demonstrated A. suum larvae in the lungs of piglets fed the livers and lungs from chickens infected with the nematode and suggested that there was a possibility for zoonotic transmission of A. suum if raw chicken livers were consumed by humans. Fortunately, an inspection system for chickens has been established in Japan, and the liver from local chicken once examined closely may be offered to consumers at grill restaurants. With such precautions in place it seems unlikely that consumers may eat contaminated fresh raw livers infected with A. suum. However, considering the possibility of parasitism by other parasites [1] in the livers from chickens it would be a sensible precaution for humans to avoid eating them if possible. 
